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Introduction {#j_hukin-2016-0049_s_001}
============

Humans typically show large inter-individual differences in the timing of their behaviours (e.g. social outings, diurnal activities and sleep habits) ([@j_hukin-2016-0049_ref_015]). This is evident in their preferred timing of sleep and wakefulness. At one end of the scale there are morning types and at the other end there are evening types, while in the middle there are intermediate types ([@j_hukin-2016-0049_ref_001]). Morning types are phase advanced demonstrating clear preferences in waking up and performing activities in the early morning and find it difficult to remain awake beyond their usual bedtime ([@j_hukin-2016-0049_ref_001]). In contrast, evening types are phase delayed such that they prefer going to bed later and find it difficult to wake up early ([@j_hukin-2016-0049_ref_001]).

The natural light/dark cycle and normal schedules tend to suit the lifestyle of morning types, such that individuals with a morning preference maintain regular or less irregular sleep/wake schedules compared to individuals with an evening preference ([@j_hukin-2016-0049_ref_016]). Data exploring the chronotype distribution among the general adult population (19 -- 31 years) indicate that most individuals are intermediate types (70%) with small distributions among morning types (14%) and evening types (16%) ([@j_hukin-2016-0049_ref_017]).

Few studies have explored the chronotype of elite athletes ([@j_hukin-2016-0049_ref_019]; [@j_hukin-2016-0049_ref_021]). In these studies, the majority of athletes were classified as morning types (51%) and intermediate types (40%) with a small percentage classified as evening types (9%). However, these data were derived from school and Paralympic athletes involved in individual sports (i.e., bobsleigh, skeleton, track and field) and thus, may not be representative of elite athlete populations. Silva et al. (2010) revealed that 83% of athletes presented with daytime sleepiness, 71% of which were morning types. This is interesting, as previous studies had indicated that evening types typically reported greater daytime sleepiness than morning types ([@j_hukin-2016-0049_ref_005]; [@j_hukin-2016-0049_ref_024]). In elite sport, athletes' sleep/wake behaviours are often dictated by their training schedules ([@j_hukin-2016-0049_ref_012]; [@j_hukin-2016-0049_ref_020]). The combination of chronotype and training schedules must correspond for an athlete to train and perform optimally ([@j_hukin-2016-0049_ref_006]).

Preliminary findings examining chronotype and batting performance in professional baseball players have indicated that morning types had a higher batting average than players who were evening types in early games (i.e. before 14:00 h). Likewise, evening types had higher batting averages than morning types in later games (i.e. after 20:00 h) ([@j_hukin-2016-0049_ref_025]). These data raise important questions concerning the self-selection of sports among elite athletes. For example, athletes involved in sports that require morning training (golf, shooting, triathlon) are mostly morning types, while athletes practising sports that require training in the afternoon or evening (e.g. water polo, volleyball) tend to be evening types ([@j_hukin-2016-0049_ref_011]; [@j_hukin-2016-0049_ref_026]). Although these data represent few sports, it is plausible that athletes tend to select, pursue and excel in sports which suit their chronotype. To be explicit, athletes participating in morning sports will be predominantly morning types and athletes participating in evening sports will be evening types. The aims of this study were to (i) compare the chronotype distribution of elite athletes to adults from the general population and (ii) determine if there was a tendency for athletes to select and/or participate in sports which suited their chronotype.

Material and Methods {#j_hukin-2016-0049_s_002}
====================

Participants {#j_hukin-2016-0049_s_002_s_001}
------------

A total of 88 elite male athletes (age 21.9 ± 3.8 years; body height 180.8 ± 6.0 cm; body mass 73.5 ± 8.4 kg) and 26 elite female athletes (age 22.6 ± 4.1 years; body height 167.2 ± 6.5 cm; body mass 61.2 ± 6.7 kg) from five sports (i.e. cricket, 19 males, cycling, 34 males, hockey, 19 females, soccer, 19 males and triathlon, 7 females and 16 males) volunteered to participate in this study. The typical timing of training was employed to categorise each sport as either a morning sport (i.e. AM; cycling, triathlon) or an evening sport (i.e. PM; cricket, hockey, soccer). Participants competing at a national and/or international level were recruited by the physiology staff at the Australian Institute of Sport. Data were compared between athletes (*n* = 114) and an age matched adult population (*n* = 82) recruited as a control group. Participants from the control group were all male with the mean age of 23.4 ± 4.2 years (body height 176.4 ± 7.3 cm; body mass 69.8 ± 8.3 kg). The study was approved by the ethics committees of the University of South Australia and the Australian Institute of Sport. All participants provided written informed consent.

Morningness-Eveningness Questionnaire {#j_hukin-2016-0049_s_002_s_002}
-------------------------------------

Chronotype was evaluated using the [@j_hukin-2016-0049_ref_008] Morningness and Eveningness Questionnaire (MEQ). The MEQ is a self-assessment questionnaire which categorizes individuals based on their preference toward performing particular activities in the morning or evening (e.g. *If you had no commitments the next day and were entirely free to plan your own day, what time would you get up?*). The questionnaire consists of 19 questions and yields scores ranging from 16 to 96 with lower scores indicating participants' preference toward evening activities and higher scores indicating participants' toward morning activities. Chronotype scores were determined using the Horne and Östberg classification system (16-41 = evening type; 42-58 = intermediate type; 59-86 = morning type).

Epworth Sleepiness Scale {#j_hukin-2016-0049_s_002_s_003}
------------------------

The Epworth Sleepiness Scale (ESS) is a scale used to assess daytime sleepiness ([@j_hukin-2016-0049_ref_009]). The ESS asks the participant to rate his or her probability of falling asleep in eight different situations (*e.g. sitting and reading; watching TV)* on a scale ranging from 0 (no chance of dozing) to 3 (high chance of dozing). The scores for the eight questions are added to obtain a single number. A number in the range 0--9 is considered to be normal while a number in the range 10--24 indicates excessive sleepiness and medical advice should be recommended.

Subjective Sleep Satisfaction and Sleep Quality {#j_hukin-2016-0049_s_002_s_004}
-----------------------------------------------

Participants were asked to rate how satisfied they were with the amount of sleep they normally obtained on a Likert scale from 1 (very dissatisfied) to 10 (very satisfied). In addition, participants were asked to rate their normal quality of sleep on a Likert scale from 1 (very poor) to 6 (excellent).

Procedure {#j_hukin-2016-0049_s_002_s_005}
---------

All questionnaires were administered in periods during which the athletes were involved in a typical training phase. This typical training phase was not a period leading up to, or following competition. Athletes were asked to complete questionnaires with regard to sleep, sleepiness and a chronotype at their convenience to avoid collecting data at physically and emotionally stressful moments after training ([@j_hukin-2016-0049_ref_021]).

Data Analysis {#j_hukin-2016-0049_s_002_s_006}
-------------

Three separate mixed-effects analyses of variance (ANOVA) were conducted to determine the impact of chronotype on the dependent variables (i.e. daytime sleepiness, subjective sleep satisfaction and subjective sleep quality). Each mixed-ANOVA included 'chronotype' (2 levels; morning type, intermediate type) as a fixed term and 'participant' (n = 93) as a random term. Evening types were excluded in the mixed- ANOVAs as only seven athletes were evening types. The statistical significance of all fixed effects was determined using F tests. The denominator degrees of freedom for F statistics were computed using the Satterthwaite approximation method. Bonferroni corrections were made to reduce the chances of obtaining a Type 1 error.

Chi square analyses were conducted to (i) examine the chronotype distribution of each sport compared to the chronotype distribution of a group of young adults and (ii) examine the relationship between sport and chronotype groups (morning type, intermediate type). Evening types were excluded in Chi square analyses as only seven athletes were evening types. Data were analysed using SPSS (v17.0) statistical software.

Results {#j_hukin-2016-0049_s_003}
=======

The mean chronotype score for all athletes was 55 ± 8 (range; 32 to 74). Using the classification system of [@j_hukin-2016-0049_ref_008], 74 participants were intermediate types, 33 participants were morning types and seven participants were evening types. Mixed-effects analysis of variance revealed no significant differences between the morning types, intermediate types or evening types for subjective daytime sleepiness, sleep satisfaction or sleep quality ([Table I](#j_hukin-2016-0049_tab_001){ref-type="table"}).

###### 

Comparisons between sleepiness, satisfaction with sleep and sleep quality according to chronotype.

                       Chronotype         Test statistics                                 
  -------------------- ------------------ ----------------------- ----------------- ----- --------
  Characteristic       Morning (n = 33)   Intermediate (n = 74)   Evening (n = 7)   F     *p*
  (mean ± *s*)         (mean ± *s*)       (mean ± *s*)                                    
                                                                                    2.6   *0.1*
  Epworth Sleepiness   8.5 ± 4.0          8.2 ± 3.5               5.4 ± 3.5               
                                                                                    3.1   *0.08*
  Sleep satisfaction   7.3 ± 1.5          6.8 ± 1.6               6.0 ± 1.4               
                                                                                    0.7   *1.00*
  Sleep quality        4.3 ± 0.8          4.1 ± 0.9               3.3 ± 0.5               

There were no differences in the chronotype distribution of athletes from cricket, hockey, soccer and cycling compared to the chronotype distribution of the control group ([Table II](#j_hukin-2016-0049_tab_002){ref-type="table"}). A significantly higher proportion of triathletes that were morning and intermediate types compared to the control group was found (χ2 (2) = 7.5, p = 0.02). There was also a significant relationship between sport and chronotype group (χ2 (4) = 15.9, p = 0.04), with a higher proportion of morning types involved in morning sports. [Figure 1](#j_hukin-2016-0049_fig_001){ref-type="fig"} shows the categorisation of chronotype according to sport.

###### 

Comparisons between athlete representing different sports disciplines and young adults according to chronotype

                         Chronotype   *X^2^ df(2)*               
  ---------------------- ------------ -------------- ----- ----- --------------------------------------------------------------
  Cricket *(n = 19)*     11%          73%            16%   1.4   *0.48*
  Hockey (*n = 19)*      26%          63%            11%   0.2   *0.89*
  Soccer (*n = 19*)      11%          84%            5%    1.8   *0.38*
  Cycling (*n = 34*)     38%          59%            3%    4.3   *0.11*
  Triathlon (*n = 23*)   48%          52%            0%    7.5   *0.02*[^\*^](#j_hukin-2016-0049_fn_969){ref-type="table-fn"}
  Control (*n = 82*)     22%          68%            10%   \-    \-

p \< 0.05

![Frequency distribution of athletes' chronotype according to sport](j_hukin-2016-0049_fig_001){#j_hukin-2016-0049_fig_001}

Discussion {#j_hukin-2016-0049_s_004}
==========

The main findings of this study were that (i) athletes involved in morning sports tended to be either morning or intermediate types and (ii) there were very few athletes classified as evening types with only one evening type athlete involved in a morning sport. This supports the notion that athletes tend to pursue and excel in sports that match their chronotype.

There were no differences in subjective daytime sleepiness, sleep satisfaction or sleep quality between chronotype groups. This finding was contrary to the observations made by Silva et al. (2010), where 71% of morning types presented with excessive daytime sleepiness. In this sample, only 9% of morning types reported excessive daytime sleepiness. It is possible that the timing of data collection may have influenced the levels of sleepiness ([@j_hukin-2016-0049_ref_021]). For example, Silva et al. (2010) collected data during the preparation for the 2008 Beijing Olympics, whereas the data from the present study was collected during a typical training phase that was not in the lead up to competition and/or post competition. These data indicate athletes are more likely to experience daytime sleepiness during intensive training and competition schedules. This is an important issue as a lack of sleep may have an effect on an athlete's perceived mood and exertion which could impair their motivation, reaction time and performance ([@j_hukin-2016-0049_ref_002]; [@j_hukin-2016-0049_ref_003]; [@j_hukin-2016-0049_ref_013]).

Out of 114 athletes, 28% were classified as morning types with a high percentage (72%) of morning types involved in morning sports. Interestingly, there was only one evening type involved in a morning sport. There are three plausible explanations for this finding. First, and perhaps the most relevant explanation is that elite athletes may pursue sports which suit their chronotype, as individuals typically select activities that match their sleep/wake preferences. For example, morning types are more likely to select and participate in sports that require morning training whereas evening types are more likely to select and participate in sports that require training in the evening ([@j_hukin-2016-0049_ref_010]; [@j_hukin-2016-0049_ref_014]; [@j_hukin-2016-0049_ref_026]). Second, athletes involved in morning sports may have adapted to the early morning training schedules ([@j_hukin-2016-0049_ref_014]) and third, athletes involved in morning sports who are evening types may not have progressed from sub-elite or amateur levels as the typical training schedule for morning sports may serve as an additional challenge for evening types attempting to train and perform at a time of day which is opposed to their chronotype.

The idea that individuals differ in the timing of their behaviours (e.g. life habits, diurnal activities, preferred working hours, sleeping habits) is not a recent concept ([@j_hukin-2016-0049_ref_008]; [@j_hukin-2016-0049_ref_023]). For the elite athlete, behaviours such as sleep as well as daytime activities are often dictated by training and competition schedules ([@j_hukin-2016-0049_ref_020]). In circumstances where athletes are required to perform at a different time of day, performance adaptations can occur when training programs are carried out at the time of day at which their upcoming competition will take place ([@j_hukin-2016-0049_ref_004]; [@j_hukin-2016-0049_ref_007]; [@j_hukin-2016-0049_ref_022]). [@j_hukin-2016-0049_ref_004] confirmed that exercise training modified the diurnal variations of performance with greater improvement in performance at the time of day at which training was conducted.

The timing of training and competition schedules may affect athletes differently. Athletes participating in a sport which suits their chronotype (e.g. morning type participating in a morning sport) are more likely to train and perform optimally compared to athletes participating in a sport that contradicts their chronotype (e.g. evening type participating in a morning sport). Studies conducted with elite and lower level athletes have demonstrated that the elite athletes' chronotype influences performance, whereas chronotype had no influence on performance in lower level athletes ([@j_hukin-2016-0049_ref_018]; [@j_hukin-2016-0049_ref_025]). [@j_hukin-2016-0049_ref_025] demonstrated that morning types had higher batting averages than evening types in early games (i.e. before 14:00 h), while evening types had higher batting averages than morning types during evening games (i.e. after 20:00 h). It is reasonable to suggest that athletes involved in sports or performing at a time which suits their chronotype have a better chance of succeeding in that particular sport.

It is acknowledged that there were no performance assessments or analyses conducted on the gender distribution of chronotype within this study. It is important for future investigations to examine the distribution of chronotype between male and female athletes. In addition, further research is required to clarify the influence chronotype has on performance. There is a clear indication that athletes tend to select sports that suit their chronotype, as indicated by the amount of morning types involved in morning sports. Given that athletes are more likely to pursue and excel in sports which suit their chronotype, it is recommended that coaches consider the athlete's chronotype during selection processes or if possible design and implement changes to training schedules to either suit the athlete's chronotype or the timing of an upcoming competition.
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